N-(p-trans-Coumaroyl)-and N-(p-cis-coumaroyl)tyramines (1, 2), lunularic acid (3) and pcoumaric acid (4), which are inhibitors of prostaglandin (PG) and thromboxane synthetases, were isolated from the bulb of Allium chinense G. DON, a Chinese medicinal drug (Japanese name Stilbene derivatives structurally related to lunularic acid (3) were tested for inhibitory effect on prostaglandin synthetase. The compounds that inhibited PG biosynthesis also showed significant inhibitory effects on platelet aggregation induced by arachidonic acid and collagen.
During the course of our attempts to find biologically active principles of crude drugs used in traditional medicine, a hot aqueous extract of the bulb of Allium chinense G. DON (Japanese name" was found to inhibit prostaglandin synthetase (PG-ase) 
Experimental
All melting points were determined on a Yanagimoto melting point apparatus and are uncorrected. Ultraviolet (UV) spectra were taken on a Hitachi spectrophotometer, model 100-60. Infrared (IR) spectra were recorded on a JASCO DS-701G spectrometer. Mass spectra (MS) were measured on a JEOL JMS-DX-300 spectrometer. Proton and carbon-13 nuclear magnetic resonance (1H-and 13C-NMR) spectra were determined on a JEOL FX-100 spectrometer with tetramethylsilane as an internal standard. Gas chromatography-mass spectra (GC-MS) were obtained with a Shimadzu LKB GC-MS 9000B combined with a GC-MSpac 300 computer system and a Shimadzu chromatopac 4B integrator. 
Results and Discussion
In a preliminary solvent extraction experiment, it was found that inhibitory activity against PG-ase was mainly present in the hexane and chloroform extracts. The extracts also significantly inhibited TX-ase, though their inhibitory activities were much less than those against PG-ase. We therefore separated active compounds mainly by following the inhibitory activity against PG-ase.
The bulbs of A. chinense were extracted with hexane, chloroform and methanol successively on a large scale (15 kg). The ethyl acetate-soluble portion of the methanol extract was combined with the chloroform extract, since it contained virtually the same compounds as the chloroform extract. After chromatographic separation, the hexane extract gave diallyldisulfide as a PG-ase inhibitor and a mixture of fatty acids (mainly palmitic acid, oleic acid and linoleic acid) as inhibitors of both enzymes. These compounds were identified by direct comparison with an authentic sample and by GC-MS, respectively.
In order to isolate more polar active principles, the combined chloroform and ethyl acetate extract was separated on an oxalate treated silica gel column to give two active fractions showing inhibitory activity against PG-ase. The more polar of the two was further separated and purified by repeated column chromatography and HPLC (following the inhibitory activity towards PG-ase) to give two compounds, N-(p-trans-coumaroyl)tyramine (1) and N-(p-cis-coumaroyl)tyramine (2) as active principles. The less polar of the two was recrystallized from aqueous methanol to yield another compound, lunularic acid (3), as an active principle. The mother liquid was also found to inhibit TX-ase rather than PG-ase. Therefore, we further separated the mother liquid by repeated column chromatography and HPLC (following the inhibitory activity towards TX-ase) and obtained two compounds, pcoumaric acid (4) and p-hydroxybenzoic acid (5) .
Compounds 1, 4 and 5 were identified as N-(p-trans-coumaroyl)tyramine (1), p-coumaric acid (4) and p-hydroxybenzoic acid (5), respectively, by direct comparison with authentic samples. Compound 2 gave spectral data very similar to those of 1 except for the 1H-NMR signals assignable to vinylic protons at (5 5.98 (J=12.5 Hz) and 6 6.80 (J=12.5 Hz) instead of 6 6.47 (J=15.6 Hz) and 6 7.46 (J=15.6 Hz) in 1. These high-field-shifted signals of vinylic protons with smaller coupling constants than those of 1 indicated that 2 was the cis-isomer, N-(p-cis-coumaroyl)tyramine. Although the trans-isomer (1) has been isolated from several plants, 14) this is the first time that 2 has been isolated from a natural source. Compound 3 was identified as lunularic acid (3) by comparing its spectral data with those reported.13) Its 13C-NMR data (Table I) were consistent with the structure 3. Lunularic acid (3) is a well-known common endogenous growth inhibitor of liverworts,15) but the isolation of this compound from higher plants has not previously been reported.
The 50% inhibitory concentration (IC50) values of 1 and 3 against PG-ase were 280 and 45 pm, respectively. Compound 2 showed 56% inhibition against PG-ase at 100 um, but its IC50 value was not determined because of its low yield. Compound 1-3 did not inhibit TX biosynthesis at the concentration where more than 90% of PG biosynthesis was inhibited. Though 4 showed an IC50 value of 5 ram against TX-ase, it activated PG-ase in the concentration range of 0.1 0.5 mm. In contrast, 5 had no effect on either of the enzymes. Structural requirements for the inhibition of PG biosynthesis by the amide derivatives have been reported in a separate paper.12) Lunularic acid (3) is a dihydrostilbene and the biological activities of stilbene derivatives (6) (7) (8) (9) (10) (11) (12) (13) (14) on PG biosynthesis (Table II) . All derivatives having no substituents on either aromatic ring (6, 7 and 9) strongly inhibited PG-ase. On the other hand, [rhaponticin (12) and piceantannol glucoside (13)], and a cyclic derivative [monomethylphyllodulcin (14) ] did not inhibit PG-ase. It has been noted that potent phenolic inhibitors of PG-ase commonly possess a hydrophobic group in addition to a phenolic hydroxyl group.17) The results of this study are consistent with the proposed structure-activity relationships.
Since p-coumaric acid (4) and p-hydroxybenzoic acid (5) were obtained from the fraction exhibiting an inhibitory effect against TX-ase, benzoic and cinnamic acid derivatives were tested for TX-ase inhibition. Cinnamic acid derivatives including p-coumaric and caffeic acids (4, 15) significantly inhibited TX-ase at a concentration of 2 mm, whereas corresponding Next, we assayed three of the isolated compounds, [N-(p-trans-coumaroyl)tyramine (1), lunularic acid (3) and p-coumaric acid (4)] and two related compounds, [rhapontigenin (10) and caffeic acid (15) ] for inhibitory effects on rabbit platelet aggregation induced by adenosine diphosphate (ADP), arachidonic acid and collagen. Rhapontigenin (10) showed the most potent inhibitory effect on PG-ase and strongly inhibited platelet aggregation induced by arachidonic acid and collagen (Table III) . p-Coumaric acid (4) and caffeic acid (15) also showed significant inhibitory effects. In a previous paper we reported that hydroxycinnamic acids activated PG biosynthesis. Although the inhibitory effects of hydroxycinnamic acids are not strong, their inhibition of platelet aggregation is of interest from the mechanistic point of view. 1 2 Excessive platelet aggregation is recognized to be a contributing factor to thrombosis and arteriosclerosis. Therefore the above compounds, isolated by following the inhibitory effect against PG or TX biosynthesis, probably play an important role in the therapeutic effects of A. chinense. 
